Interaction of alkali atoms with external magnetic field induced a splitting and a shift of their energy levels. We have studied this interaction for external field from 0 to 5000 Gauss when the alkali vapor is confined in submicron thin vapor cell with thickness L = λ/2. Rubidium and Sodium vapors have been studied. The Hamiltonian can be expressed as the sum of the unperturbated atomic Hamiltonian and the so-called Zeeman Hamiltonian. The probability of a transition, induced by the laser electric field is proportional to the square of the transfer coefficients modified by the presence of the magnetic field. We will show that the strong nonlinearity of the transition intensities versus the external magnetic field intensity is obvious for B > 100 G. Some possible applications for Laser Spectroscopy of the Rb and the Na atoms are presented.
INTRODUCTION
Optical nano-cells (NCs) containing atomic vapor of alkali metal have already proved their efficiency to study atomic phenomena with a precision that normal size cells cannot achieve. One could even define as elegant tool such a device when used for the interpretation of interaction between atom and light, atom and surface or atom and atom [1] [2] [3] [4] [5] [6] [7] [8] .
A NC has one of his dimensions L of nanometric thickness, that is, L can vary continuously from 0.1 to 10 λ where λ is the laser wavelength resonant with the considered atomic transition while the two others dimensions are of centimeter order.
Furthermore, one of the main advantages of this elegant tool appears when one considers the atomic transitions of alkali atoms in magnetic fields. Indeed, for centimeter size thickness cell, the splitting of these transitions into their Zeeman components is relatively bad resolved due mainly to Doppler broadening and the resolution becomes even worst when the external magnetic field increases: well-known saturation absorption method allows only studying the behaviour of a total set of hyperfine transitions and becomes useless for magnetic field such that B > 100 G if one wants to describe individual hyperfine transition.
The high resolution atomic spectra obtained with NCs come from the possibility to highly reduce the Doppler broadening. This may be seen if one examines the efficiency of the optical pumping which is given by the following coefficient where t is the time of interaction of the radiation with the atom, Δ is the detuning of the resonance, Γ is the sum of homogeneous and non-homogeneous broadenings, N γ is the spontaneous decay of the considered transition, Ω is the Rabi frequency of the laser radiation which direction of propagation is k r and v r is the atomic velocity.
An obvious way to increase the coefficient (1) In what follows, we will summarize the theoretical ingredients used to study the effect of an external magnetic field on the atomic transitions. Shifts of the Zeeman components and intensity of the corresponding transitions will be examined. Numerical applications to Rb and Na vapors confined in submicron thin vapor cell of thickness L = λ/2 are compared with experimental results.
EXPERIMENTAL PART
Sketch of the experimental setup is presented in Fig.3a A Glan prism is used to purify initial linear radiation polarization of the laser radiation; to produce a circular polarization a λ/4 plate 1 is utilized. The geometrical configuration of the experiment is shown in Fig.3b . Magnetic field is directed along the laser radiation propagation direction k (B // k).
With the help of a beam splitter, 50% of the pump beam is directed on the auxiliary 2' NC with Rb used as a frequency reference for B = 0. In some cases the reference spectrum is transmission spectrum 12 obtained with an auxiliary NC of thickness L = λ. The longitudinal magnetic field is applied to the NC by a system of Helmholtz coils (not shown in Fig.3a) . The B-field strength is measured by a calibrated Hall gauge. Among the advantages of this setup is the possibility to apply strong magnetic field using widely available strong permanent magnets (PM). In spite of strong inhomogeneity of B-field, due to small thickness of the atomic vapor column inside NC (L = 390 nm) the variation of B inside the column is less than 0.1 G, i.e. by several orders less than the applied B value.
THEORETICAL BACKGROUND AND NUMERICAL CALCULATIONS
The so-called Dirac equation 8 for an electron to order 2 2 / c v is the starting point to study the spectra of an atom within an electromagnetic field describes by the potentials { } V A, r : 
with σ fulfilled. For the magnetic field that we apply to the nano-cells, this condition is respected as the magnetic field will vary from 0 to 10 4 G. One should note that all the previous discussion is valid for a magnetic field where S g , I g are respectively the spin and the nuclear Landé factor.
We adopt a matrix representation in the coupled basis, that is, the basis of the unperturbated atomic state vectors
to evaluate the matrix elements of the Hamiltonian (3). In this basis, the diagonal matrix elements are given by b Non-zero off-diagonal matrix elements verify the selection rules
The Hamiltonian matrix is then block diagonal where each block corresponds to a given value of The transition frequency shift values are obtained on a quasi continuous variation of the B field intensity as we diagonalize 50 000 matrices. From low B field intensity to high B field variation, this diagonalization procedure allows us to follow exactly the eigenvalues by analyzing precisely the jump of the eigenvectors using a standard derivative analysis method. One should note that Fig. 4a shows the observed frequency shift, measured experimentally (which are obtained from Fig.2 ) while simultaneously on the same curves have been superposed the calculated ones. As previously written, the hypothesis of locally homogeneous and uniform magnetic field is verified.
The probability of a transition, induced by the interaction of the atomic electric dipole and the oscillating laser electric field is proportional to the spontaneous emission rate of the associated (9) the parenthesis and curly brackets denote, respectively, the j − 3 and j − 6 symbols, g and e point respectively ground and excited states. 
CONCLUSION
The λ/2-Zeeman technique is shown to be a convenient and robust method for the study of individual transitions between the Zeeman sublevels of hyperfine levels in an external magnetic field. NC in external magnetic field allows exhibiting obviously the several Zeeman components due mainly to the suppression of the Doppler broadening. One of the goals of the construction of such an elegant tool was the possibility to remove this effect and it succeeds perfectly. As a result, the use of a NC as a nanomagnetometer seems a successful application of this device as it allows the measurement of extremely large gradient of magnetic field. Calculated and experimental results are in very good agreement. 
